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Sec 1: LUX NR Energy Calibration
using Pulsed D-D neutron
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LUX Experiment

e LUX carried out two WIMP search
runs from 2013 to 2016 (95 live
days + 332 live days)
arXiv:1608.07648

e |UX has also carried out a
significant amount of calibrations
for LXe NR and ER response

1492 m

e LUX s leading the field of the NR
calibration with DD neutron source
arXiv:1608.05381 Particle

e | will present a way to further
improve this technique S Wi

Dongging Huang - Brown University / LUX V37" UV sciniiiation photons (~175 nm)



https://arxiv.org/abs/1608.07648
https://arxiv.org/abs/1608.05381

LUX DD Neutron Calibration Review

DD Neutron
Generator

Mono-energetic 2.45 MeV

neutrons via 5 cm (ID) PVC tube
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Previous LUX DD NR C'avli'blrgtion Re's'u'lvt's

e Blue crosses are LUX DD
Qy measurements

(see backup slides for Ly)

e Red bars (top and bottom)
indicates the systematic
uncertainties

D.S. Akerib et al. (LUX Collaboration),

(2016). arXiv:1608.05381
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Systematic uncertainty due to position
reconstruction energy bias correction

Aol T,

Aprile 2013 (XENON100) - 0.53 kV/cm
Sorensen 2010 (XENON10) - 0.73 kV/cm
Horn 2011 (ZEPLIN-III combined FSR & SSR) - average of 3.6 kV/cm|
v Aprile 2006 - 0.3 kV/cm
2 Aprile 2006 - 0.1 kV/cm

+ | @ Manzur 2010 - 1 kV/cm

© Manzur 2010 - 4 kV/cm

-- LUX model: Lindhard (k = 0.174) + biex. quenching

--Alt. LUX model: Ziegler stopping power + biex. quenching

+ LUX D-D Qy at 180 V/cm

+ Sys. uncertainty due to neutron source spectrum

| Sys. uncertainty due to S2 signal corrections and g2

>

10°

10!

5 Energy [keVnra]

10
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LUX Pulsed DD Neutron Calibration

PMT PMT PMT
Pulsed 2.45 S2 drift speed
MeV neutron 0.15 cm/us
Neutron Pulse A R S —
i I o B o BERECD E 82
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Localize z-position of
20 us

neutron event with
only an S2 but no S1

" —_—
h 4

4 ms

1. The neutron pulse is achieved by triggering on DD
neutron generator neutron production

PMT PMT PMT

2. The DD trigger time is recorded in synchronization
with LUX neutron event signals

3. Neutron time of flight is at an order of 100 ns,

negligible given typical S2 width(10%-90%) at ~2 us. °
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LUX Pulsed DD Neutron Calibration

Event can be explored before DD trigger implemented:

S2
S1

1. Neutron event with /\
one S1 and one S2 >

S1 define event t0 time 7
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LUX Pulsed DD Neutron Calibration

Event can be explored after DD trigger implemented:

DD trigger S2
S1
1. Neutron event with /\ >
one S1 and one S2 —
20 us

DD trigger S2
2. Neutron event with
no S1 and one S2 >

DD trigger can replace S1 to define event t0 time 8
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LUX Pulsed DD Neutron Calibration

Advantages of Pulsed DD Neutron:

1. Probe no S1 one S2 neutron event

2. Reduce calibration background with increased instantaneous intensity but 0.5% duty cycle
3. Establish calibration background with events before neutron pulse to reduce systematics
4. Probe other physics associated with neutron (e.g. thermal component)

9
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Neutron Event Time Structure (S1 wrt DD Trigger)
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S2 Arrival Time wrt DD Trigger
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S2 Spectrum of Events W|th Pulsed Neutron
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S2 Spectrum of Events W|th Pulsed Neutron
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https://arxiv.org/abs/1608.05381

S2 Spectrum @ $1=0,1,2,3,4 phd

S1 = 0 [photon detected] S1 = 1 [photon detected] . Sll = 2 [photon deteqted]
I 1 signal 1 Signal
1 BG —1 BG
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Discussion and Conclusion For DD NR Calibration

1.

Compare data and sim of relative counts among S1=0, 1, 2, 3, and 4 phd to
measure NR light yields

Compare data and sim of S2 spectra at S1=0 and 1 phd to measure NR charge
yields

Additional work (not presented at this talk) has shown good agreement
between LUX pulsed DD neutron data and Sim modeling

Additional work (not presented at this talk) has demonstrated LUX pulsed DD
neutron data has an sensitivity to 0.2 keVnr, a significant step beyond the most
accurate low energy calibrations by LUX Run3 DD calibration

Final Result will be available to public early of 2019
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Sec 2: LUX ER Energy Calibration
using '%’Xe Electron Capture
Events
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Xenon-127 Decay Toy Model

Electron Capture: p+e—n+ vV, cascade y-rays or

Auger

The binding energy and expected EC probability from
that shell

-K: 33.2keV 83.4%
-L: 5.2 keV 13.1%
-M: 1.1 keV 2.9%

-N: 186 eV  0.6%

-\

r-1ay

- Cosmogenic activation

- Half life: 36 days

- Based on the measurement of Apr22
2013 data, there are ~0.8million ?"Xe
atoms in LUX Xenon volume
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Xenon-127 EC Decay Event in LUX Detector
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Fig. - A real 127Xe decay event with K shell electron capture. The event waveform

appears as one S1 followed by two well-operated S2s
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Fig. - Event Schematics in Detector
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Xenon-127 EC Events in Data
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Fig. - Scatter plot of 127Xe events with area of first
vertex S2 versus are of second vertex S2; “First
Vertex” is the first S2 ordered by drift time

Fig. - X-rays’ ER charge spectrum
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Xenon-127 Charge Yields
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Conclusion

e LUX has achieved a better understanding of Xe NR and ER
response than any other dark matter search experiment

e |In-situ calibration
e These results further improves LXe TPC to low mass

WIMPs and Neutrino Scattering
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Backup
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Previous LUX DD NR Calibration Resulits - Ly

Sys. uncertainty due to Q, energy scale
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Aprile 2013 (XENON100)

o Manzur 2010

¢ Plante 2011

< Aprile 2009

4 LUX D-D Ly at 180 V/cm

- - LUX model: Lindhard (k = 0.174) + biex. quenching
----Alt. LUX model: Ziegler stopping power + biex. quenching| «
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Sys. uncertainty in 3™Kr yield (right axis)
Sys. uncertainty due to neutron source spectrum
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Neutron Event Time Structure WRT DD Trigger

Log scale: 5 S1 Time Stru]cture
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S1 Resolution

NR band taken from arXiv:1608.05381 for
S1 resolution demonstration
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